Abstract. Sections of paraffin-embedded specimens of liver obtained from Bedlington terriers were stained with rhodanine for copper and examined and graded by two pathologists. Their results correlated well with each other, as well as with the results of quantitative determinations of hepatic copper content. Copper toxicosis was established by cytochemistry in 20 of 21 specimens, indicating a sensitivity of 95%. The method is highly specific-none of the 19 specimens obtained from unaffected dogs displayed copper-containing granules suggestive of copper toxicosis. Copper cytochemistry appears to be a satisfactory substitute for chemical analysis of hepatic copper content.
Some Bedlington terriers inherit, in an autosomal recessive pattern, a defect in copper metabolism which results in the accumulation of excessive amounts of copper which cause progressive liver di~ease.~*~**. l o The defect can be recognized by liver biopsy with subsequent histologic examination and analysis of hepatic copper content in affected pups as young as six months of age. Reliable quantitative analysis of tissue copper is done only in a few laboratories. Hepatic copper concentration higher than 850 pg/g dry tissue and the presence of characteristic hepatocellular granules visible by light microscopy are diagnostic for the disorder. ', lo In our studies of the metabolic defect which underlies this inherited form of hepatic copper toxicosis, we found that a simple histochemical method employing rhodanine, which stains tissue-bound copper,'^^ provided a semi-quantitative estimation of hepatic copper content. Preliminary findings indicated that this staining method correlated well with quantitative determinations and it facilitated the detection of the abnormality in affected Bedlington terriers, thus obviating the need for quantitative analysis in most instances.
In this study, we compared the results of rhodanine cytochemistry on liver biopsy specimens from 40 Bedlington terriers with quantitation of hepatic copper to establish the sensitivity and specificity of the former for the diagnosis of inherited copper toxicosis.
Materials and Methods
Quantitative analysis of hepatic copper was done on liver biopsy or necropsy specimens from 150 Bedlington temers at The Animal Medical Center from 1975 to 1982. Of these, 40 specimens (including one from a dog of mixed Bedlington terrier/Wirehaired temer breeding) in the lower range of hepatic copper concentrations were selected to test the sensitivity of the cytochemical analysis. Homozygotes suffering from inherited copper toxicosis were identified on the basis of a combination of genetic, biochemical, histologic, and analytical data."
In 36 of the 40 dogs, liver biopsy was obtained under laparoscopic control using a new TruCut biopsy needle (Travenol Laboratories, Inc., Deerfield, Ill.), a used ethylenediaminetetraacetic acid-(EDTA)-washed needle, or EDTAwashed laparoscopic biopsy forceps. In three dogs, wedge biopsy specimens were obtained at laparotomy. One necropsy specimen was obtained from a neonate dog. A portion of each sample was fixed in 10% formalin, embedded in paraffin, and sectioned at 6 to 8 pm. Quantitative copper determination was done on the remaining portion of each sample. ' Serial quantitative analyses of hepatic copper and rhodanine staining were done on five dogs with hepatic copper concentrations ranging from 383 to 653 pg/g dry weight which were offspring of a mating of a female Bedlington temer with copper toxicosis and a normal male Bedlington temer. Liver specimens were obtained by needle biopsy at six months of age, and again at one year of age. (Second biopsy samples were not included among the 40 specimens.)
Liver sections were stained with hematoxylin and eosin, or with 5-(p-dimethylamino benzylidene) rhodanine (Eastman, Rochester, N.Y., Catalogue No. 2748) which yields an orangered color in the presence of copper.'*'*' Liver specimens from an unspecified canine population with excess iron, lipofuscin, and bile pigments also were stained with rhodanine. A described staining procedure was followed' but without the counterstain. Sections from two Bedlington temers, one with copper toxicosis (1,306 pg copper/g dry liver) and the other unaffected (37 pg copper/g dry liver) were used as positive and negative controls, respectively. The positive control en- copper yields a positive spot test.7 It should be noted that the orange-red color tends to fade after several months and the thickness of sections may affect the interpretation of the findings. It is possible that such variations in thickness may be responsible for some of the discrepancies between observations illustrated in fig. 2 . In pilot studies, we found that orcein which stains a "copper-associated protein" rich in sulfhydryl groups did not discriminate as clearly between affected and unaffected dogs as did rhodanine. Therefore, we did not use orcein in subsequent studies.
To determine the sensitivity of rhodanine, we selected specimens with only slight to moderate increases in hepatic copper. Nearly half of the specimens from affected dogs contained less than 2000 pg copper/g dry liver; the highest value in the entire group was 5,285 pg copper/g dry liver. In two larger series of affected Bedlington terriers, the hepatic copper ranged from 850 to 10,600 and 871 to 9,864 pg copper/g dry Even in young pups with a comparatively low hepatic copper elevation, the abnormality was detected readily by rhodanine in all but one specimen-indicating a sensitivity of 95%. The specificity of the staining technique was 100% since no falsely positive result was obtained.
It is unclear at what age affected Bedlington terriers begin to accumulate excessive copper in their livers. For practical reasons we have delayed liver biopsies for the first six months of life and tissue was obtained from dogs as young as four months only in few instances. Even at this stage, hematoxylin and eosin-stained sections demonstrate the characteristic dark cytoplasmic granules in hepatocytes which are diagnostic of inherited copper toxicosis. Ultrastructural and cytochemical studies have identified the granules present in hepatocytes as lysosomes. 4 In dogs older than one to two years, there was a range of histological changes from focal hepatitis to chronic active hepatitis to cirrhosis ultimately complicated by liver failure." In the older dogs the histologic diagnosis is seldom in doubt because of the abundance of copper-laden lysosomal granules and liver injury seen in hematoxylin and eosin-stained sections of liver. However, in pups with less conspicuous hepatocellular cytoplasmic granules, cytochemistry or the chemical determination of copper content is essential for diagnosis. At an early age, correct classification is critical because of the importance of determining the genotype of dogs to be used for breeding. Unfortunately, neither cytochemistry nor quantitative copper analysis allows the differentiation of heterozygous carriers of the abnormal gene from homozygous normal dogs. This became evident when we studied five dogs from a mating between an affected Bedlington temer dam and a homozygous, unaffected sire. The pups, all heterozygous ~a m e r s ,~ had hepatic copper concentrations ranging from 383 to 653 pg/g dry weight at six months of age. Their slides appropriately were graded 2, i.e., below the diagnostic range, by both examiners. They could not be differentiated by any light microscopic criterion from slides obtained from homozygously normal dogs.
In some instances, rhodanine cytochemistry was more useful than quantitative analysis in dogs with minimal elevations of hepatic copper because the localization of copper, the intensity of staining and the number of granules provided for a clearer separation between young affected dogs and homozygous normal or heterozygous dogs. When borderline chemical results left the classification in doubt, a second biopsy repeated several months later resolved the diagnostic dilemma.
Rhodanine cytochemistry is a simple, rapid, relatively inexpensive method to demonstrate accumulations of tissue copper, but as this study shows, it also is a sufficiently accurate procedure for the semi-quantitative estimation of hepatic copper for the diagnosis of inherited copper toxicosis and possibly for the detection of cholestasis associated with chronic hepatitis in certain Doberman pinschers.6
